Complete thyroxine-binding globulin deficiency (TBG-CD) was uncovered in a subject receiving a comprehensive health examination. The subject had an abnormally high T3 resin uptake. A family study showed that the TBG abnormality had been inherited by X-chromosome linkage. Genetic analysis revealed single nucleotide deletion, commonamongJapanese with TBG-CD,from the allele specific amplification of the TBGgenes of the family. (Internal Medicine 32: 6-9, 1993) 
Introduction
Thyroxine-binding globulin (TBG), a glycoprotein consisting of 395 amino acids and 4 oligosaccharide chains, is synthesized in the liver (1). It serves as a major carrier protein of thyroid hormones in serum, and binds 70% of both thyroxine (T4) and triiodothyronine (T3) in serum (2). Hereditary TBGdeficiency, characterized by an inborn defect of TBG,was first reported by Nicoloff et al in 1964 (3) . The X-linked codominant mode of inheritance has been demonstrated (4-6), which necessitates heterozygosity only in females. Wehave been performing T3 resin uptake test as part of a screening program, which is a cost-effective wayof finding abnormalities in thyroid function. It also reveals subjects with defective TBG (7). Through this program, we found a subject who had an abnormally high T3 resin uptake. He was subsequently diagnosed by further examinations, including family studies, as having hereditary complete TBGdeficiency (TBG-CD). Accordingly, wecarried out genetic analysis of the patient and the family with allele specific amplification (ASA) of the TBGgene, and single nucleotide deletion, which is commonin TBG-CD among Japanese, was demonstrated. Pharmaceutical Co. , Aichi, Japan.
Analysis of TBGgene
Genomic DNAs were extracted from peripheral white blood cells as described elsewhere (8 ( Table 2 ), Amplification will occur with both sets of primers in heterozygotes, who have both normal and mutant alleles. PCR, polyacrylamide gel electrophoresis, staining and visualization of the amplified fragment were carried out as described previously (10).
Results
Serum FT4 and TSH levels of the subject were within normal ranges, although total T4 and total T3 were abnormally low (Table 3 , No. 2). Serum FT3 was mildly decreased. Serum TBGconcentration determined with RIAgnost TBGkit was less than 5.0mg//. It was even less than 0.1 mg// according to a highly sensitive enzyme immunoassay. Thus, the family study was carried out, as shown in Fig. 1 .
The serum TBGlevel of his older brother (Table 3, No. 1) was around the detection limit according to conventional RIA, but was in fact, undetectable by a highly sensitive ElA. He was thus supposed to be complete TBGdeficient as the proband was. He also showed an abnormally high T3 resin uptake. His serum total T4 level was low. Serum TSH was in the normal range. The data for oiie of two younger sisters were all normal ( that of normal subjects. Her serum total T4 and total T3 were at the lower limits of the respective normal ranges. T3 resin uptake was within the normal range. The serum TSHlevels of all the subjects were normal. PCR resulted in amplification of the 297 base pair fragment only with the mutant primer in the proband and in his brother, whose serum TBGwere undetectable (Fig. 2) . In contrast, the DNAfragment was amplified only with the normal primer in his younger sister who showed a normal serum TBGvalue. In the youngest sister, whose serum TBGvalue was moderately low, clear bands were visualized both with normal and mutant primers. Discussion T3 resin uptake testing as a part of a comprehensive health examination led to the diagnosis of hereditary TBG-CD in an otherwise healthy middle-aged man.
He was considered euthyroid because his serum TSH was normal. The precise mechanism for the borderline elevation of serum FT4 despite the mild depression of FT3 remains unclear. Lack of TBG, the major transporter of T4 in serum, may give an erroneously high value for FT4 in analogue method RIA. The discrepancy between FT4 and FT3 values may be explained by the difference in the affinities of TBGto T4 and T3 (2). Since the serum TBGconcentration determined with EIA was undetectable, it was thought that he was TBG-CD, not partial deficiency of TBG. The X-linked mode of inheritance was supported by the determination of serum TBG concentrations of the family members. Based on the X-linked transmission of the disease, his mother was thought to be heterozygous.
The TBGmolecule consists of 395 amino acids and 4 aspargine-linked oligosaccharide chains (1). Its gene is located on the long arm of the X chromosome(6). The nucleotide sequence of its CDNA was reported by Flink et al (1) . The molecular biological bases of hereditary TBG-CDhave been studied in French Canadian (ll), English (12), and Japanese (10) subjects, with the mutations reported being single nucleotide substitution at codon 227 (ll) and single nucleotide deletion at codon 165 (12) or at codon 352 (10), respectively. These findings suggest that diversity exists in the molecular biological mechanisms of this hereditary condition (13). Yamamoriet al reported a single nucleotide deletion at codon 352 in six unrelated Japanese families with TBG-CD(10). No other mutations of the TBGgene are knownto exhibit TBG-CDin Japanese. Weanalyzed for the presence of this mutation and demonstrated that it exists in this family. Consanguinity was not found between the current and previously reported families. Based on neonatal screening programs for hypothyroidism, the incidence of TBG-CDis more common in Japanese (1:1,200 to 1:1,900) (14, 15) than in Caucasians DNAAnalysis of a TBGDeficient Family of TBGmay be overlooked, determination of T3 resin uptake is useful as a screening test (7).
